&I 11

fafehyor qom s

cal-GIeCan

e
B, \— A, © N

11.1 yftem

T 1887 | Aegagehd ROl 1 Scafd o GYEAl W oA geshed o S
HHIRTOT A A oF TANT 3 TSI i TUIF Tehid i ST9AYE €9 § whfua foham
STl T o Sfad wXor | feEsH-Afeen § W6 § %8 < W g
(forga-fomsia) W yrEifitr S7awol | *E Ufaerfas @St g2 e o g0 1895 H
X-frtol &1 @iw qen o S IAAEE oh gm 1897 W w1 TE TR i @il
YAV G 1 THSH § Hel &1 TeeR off| T 0.001 mm IR o W9 o A
%Y @ T IS YA T o U & seierel o o, feen gr fadsH-Aferen | T
W farEa €5 T feRan S ®, U ol gl §1 ohelie o WR{@ i W iaeiw
IO Bl B A HT W B B GHia W AR @ 7, SH—HE-Hig o fou
Ha-80 W1 1| 5@ Fiadifa 1 o1 3§ fafhior sl 7 7= S ke 9 31 Tl ol
3 Sl vl 1870 ® faferom goa & g @St T of, fvgs 91k | 1879 ¥ 7w
e for 3 FerTol dfieran 9 wer orelt Fur-ereeht il i R 9w ) fafew difaew
T SISl SHEA (1856 — 1940) A 39 URehedaT i gfte &1l SIS, A 3 qgelt
TR foas-Afds & 3IR-UR WER dead fagd td gasia &= & ey &
TR AR T hefre—feror ol o A qer siferen sey [ tefd STeeT S geHE
1 UM (e/m)] Fd foham =g U 7o fF A HT YR ok AT (3 X108 m/s) F
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TN 0.1 ¥ WY 0.2 TH a7 ¥ Heoid &1 aHE | e/m 1 Wik AF 1.76 X
10" C/kg &1 =& off W T o e/m 1 HH heliE (ScUsih) o U SferEl oTg
1 forasi-Aferent # it T8 &1 gehfa W feft ¥ sean 39 Yeqor 3 shefrg-fertor ol
1 FIfhdl i G

e SE GHE, 1887 W, U8 WA A1 5 59 o fHfvea engeti & qweH
TehTeT gr1 feRfora shed € il hH o ATl S UT-STEfYI 1 Seafeld eid &1 gE WK,
o o fAfiea orgetl wl ST9 a9 e WA R S © A A Ho-SEii| o
IR W 21T FON o T e/m 1 |1 31 &1 e = T for Shefre fam
U T 1| T8 YR 7 YeT0T 3 Ig Tfad o T & 3 geft o1, =afy fo=r somed
T 3O g O, UHfd | 99 &1 9.9, AE 4, 1897 H, T HUN i Fora2iT AH
fean iR ggren o 3 o7 o difers Gl oe@e €1 el | foaga o Gaed W 3
gifaer e wrEifTe e o 5N Tolaed ®1 39 FAAEN @S % faT 3= 1906
¥ el [EhR weH foran T 1913 H it difqerfamr R, fafasw (1868-
1953) ¥ TSR W A& o IRYE WA o fAT de-d w1 9t yeeie T fwa
3= 78 T 5 do1-figeh W EY a9 TH gt 6w, 1.602 x 1071° C i ol
Totish §1 Tferen o W | =re yeentua s 5 o6 dgenayr Fardind € e (e)
o Uferd STET (e/m) o WM 9, SR 1 SAHH (m) Id fHE S Feh

11.2 ToERM SHESH

T WA € TR engetl W qe Soieea (T @Y H0T) BId € S Skl =retehdl
o foTu STRerER B €| qet, ge Seleeie WIH: -S| STel el ket Fehd |
I geeRl o ¥ STeT oA © Al ST YIS o SO W Y ol § IR sersidl
HT AT o R SAHAT FL AN B T YRR G TS ©1g ok Fia Tl ok
Y Tl o G Usheht T 7T B | ROTHEEY fah o goiee[ foEest S
TH SHYOT 1 YA H Foh, ¢ IS W o M UM €| oT: TSl hi g
T3 § AR bt o fow s fAfve =rad St w1 eravaehal g €1 39 <[
Sl ol UIq T HIH-Pord HEd &1 TH HERIGA ¢, o gN oFed Hd 8 R eV
(SR diee) § HIOd B U Soiee diee Tl Soiee i 1 dice faweidt o
g @fRd T W W Foll k1 AF Bl 3M@: 1 eV = 1.602 x 107°J

RO STl shi 36 TohTE o1 WA GXHTY] A1 ATWehte wifaent o foran St 21
HTE - (¢,) TG o TN AR Thh IS i Wehfa W TR wear B1 P emgeti ok
- o W GROM 11.1 § KT 7 &) A A A @ i Tk A g
Al W gd St e e 2

TRl 11.1 9 I8 A foRa o1 Wehd ® foh wife™ w1 -t SeaaH
(¢o= 5.65 €V) & Safeh WS 1 <[ (9, = 2.14 eV) B

1q o I3 ¥ SR IS oF folt o Seiaeidl ol =AdH STaead Sell 10
forddt oft W iifoes fafer o gro & <1 whdl @
() @I TS ; IUGE A9 ok g o SRl bl TATE ardtd Sl &1 S
Tl ¢ forad fop & uig & omex o7 o)
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AR 11.1 B 13l o HhE-%e
Cs

2.14 Al 4.28
K 2.30 Hg 4.49
Na 2.75 Cu 4.65
Ca 3.20 Ag 4.70
Mo 4.17 Ni BAL5
Pb 4.25 Pt 5.65

(ii) & Seger : fhdl o1g W T T U g9 faga & (10° V! #1 Sife
HT) AR H 1G-S o ST o Teohel 7, 5@ fF fRdt Tk W )
(iii) YHT-Togd Seqefd : SUGH ST 1 FehTl 5l TRl €1q-9e8 W Ugal € df

SR 1 ScS Bl €1 A TSRS SoieR FHIvE Seiaeid (photo-

electron) HEA %I

11.3 Uenr9T-ferd qum

11.3.1 ¥ ok UA&IUT

JeRTeT-ToR[d IS i U=l i @Sl 34 gt (1857-1894) o g 1887 |
Aeeeha T o AN o GHA i T oft| Thfert-fagsi (spark discharge) &
TR Aegaaen T W 1 Sefd o 7o W sreel § gdw A 7 Uik fren fon
el o1 fendl ek ofq @ TUSTHT FehTeT & §RT Wi i T UId-Selaiel o IR
= dlieed] THie 3t 8 S 2

T-J58 W THH ol FehT9 ok STAfYTa ol 572 1l &1 Seiaei *hed €,
1 WA FE H FEEdl Y FLA S| S UG-T5S R G TSl § d I3 o g
TeraR SAdfad fafhior ¥ a1l o U8 H oM STl o STRYY i UR A o6
foru Sl srereifid o oid &1 STufad TSl § STeEe Sel Urd O % uvE,
TAFIA U1g-T3 ¥ el qiewr § o1 S €

11.3.2 TTeE qeT TiAre o WeTuT

foereed gletated aen frfed &g 3 1886-1902 & & YehmIfaRd IS i
eI 1 3w fohm

q goeRel (U Ufeeet) el fdt fraffad wi= %1 7ot § Scasts ufeem w
T fafeRton w1 adfad e W e (1862-1947) 4 Ul TR ufy # um
vere g © (Fas 11.1) 1 59 & s fafsreon &1 Jet 7, o & uw ere oft
T T 37 el © T Bl € TR St que T fafentor Sesish ufgeRt C W St
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eI ¥, 3oiae Ufgeh § WE o W © el fagd &5 g e Huesd qigel A
1 S 3R 81 S 2| Faifad i w1 Telt § ScieeHl oh YaTe o SRl ¥RIYeE
Tl Bl T YR W, Scsish o Y8 T YR TS o U STEl qRuY H YRIgere
Bt B BT a1 eAIE 3 WUE Uieent o fawe, AU Yoty i gha qen
diardr oF W YhIT O | e &1 31 foa

T 4 1888 | TH 377 i TN "GN SR U RUAfw TSk ufzeht i
e fargaget @ g o sua ufera femen for St afgent st qeiT oot © fentfora
foran T @ TR ST AT @i e gEek oifafiea W& U ol fore ufge
1 T FeRTel § Terefora feren T T v g | SR ufeent ot aweT
RIS W YA TR e W, 3W fEeRT W ety iR Sifien g T g e 9
I 7€ Trend Fepren o qUeT qehTer o geE @ ek qize W HUmEE ol
IS e 2l

1897 | TodRM ! WM o UvEM I8 Mv=d & T fe Scasis Uiz §
SaRAl oh SIS W heh ST YT 21 BT STEY o R0 SIS getri
forga & g WUEe g eRT whi SR wehel S €1 S qun ofiAe | @ off Ufera
foman fo <9 Scusieh afg et W T o =0 7 @ w9 31 1 Qe T
Tedl © dl i ff goeH Scafsd el g 38 Frad =aan ergfa i dge srgf
(threshold frequency) F&d & T THehT W Scasieh Ug el o T i Fepfd W
el s 21

g N T foR SR, Shefiem, TriiEm SE o urgeti W 98 99E sheet %H
TR Y TS A o T e 21 ety efiferem, Sifedm, wefiem, Eifsem qen
Flifean S &R H1q¢ T99 YT o g S I8 YE @A &1 S T FRr- T
g7 1 WeRTST W eI TRl Sl © d 3 Seie Scdtsid i &1 Seige i @il
o T S Selaeil hl FaRT¥Teh Soiaeld A1 T2 | 38 Rere JerT-faga yara
FHEA! T

11.4 UoRIIT-Toe[d wwrer ot Uraifies 3t

o 11.1 ¥ yohmr-faga yare o Ui SAeeH o foe U=t | o TS Sqaen i
<1 T B | 39 Uk Taifad shis/Ferds s Toil © fSa Tk Yehre-ged! ufeeh ¢
IR @l uig ufzer A B1 Ed S W YHW, T (window) W T IR FlaT € SR
ThTST-HoEt IRl (SeEih) C R USdl B1 IR Faids el (shiw-efl W qfgd)
T qETHT TafeRtor UR 81 Sl © SR eher-Herdl ufreh C i ferifora s =1 fgen
C ¥ T Scafsid Bid & S UfZehl A (TUES) W &l gRI Sca— foagd &5 g
T3 H AU S &1 C qen A ufEeniel o die faveiat i el g S T S ©
HW@WWWW%IWCHWA@W %WW(Commutator)
o gW <l S Hehdl B | 39 YRR Scsieh Uizl C w1 ol H UiEehl A i TeSIER
¥ SFel U1 fade W @l S HWehdl €1 Sl HUEsh Ug el A, Scdsish Tigehl C H
T § HFIcH BT 09 Soiael SHeh! 3TR SThR{Ud Bi7| Seiael o Scas oh hIRul
forga aiue & T Ware Soa= B © e uitae o weh faga e wenfia 81 S @)
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o 11.1 ymor-faga 9@ o eeaaq &
foTu wr=ifiTeR =aen|

ThTLT i dgar ———>

fora 11.2 Yh-foea o/ @ik R
1 diod o 9 AT

TSl & | o fa9el i Tk oieeHiel o gR 3R
IROTHEEEY qRul # Yafed B aTell YehTfeTh &R 3hi HISshIUHIET
o gNI |94 B| WeRTITh fae@ 0 ol WU Teehl A 6l
fava st ufgshl C o WUe aRafdd ek S 31eqal
T S Gkl €1 Afd WSl i dlerd 9 agfa i ot
TRefdd fera ST a1 @ o9 o Icsish C 3 TUES A &
e faveiay v ol aRafda feman s 21

70 o 11.1 1 UAfiTeR SHaen &1 YA Y1 &
% (a) fafwzor &t daar, (b) eufaa fafeor =1 emf, (o)
qfgtet A A1 C o o9 o fawaiay, den (d) 9fgwht ¢ &
werel Y Wi o W1l Ufed o e oh feTy Y Wehd 2|
IS C W USH a1l YhT¥l o6 AW § UG fheet steran
T e TRt = qTeed o YeRTel T AN Y Hehd
TRTT BT ohi Scsieh § U 1 FReTd U FehTRT i ierar i
aRefda fmam ST @R 2l

11.4.1 YerTIT-TRIq &R U YRS ol dioar T Tt

E TUEH A il SCESIh C i gl § T o fase T @ s @ o
E C W Scafsid Seiei TUES A 1 S SThitd Bid 81 A fafenton
| %1 g qen fasa w feeR W@ g, TehTeT i <ol ol gRafad fohan
E S B AR RO eheT-fae@ € i Yedieh SR HIGT Sl 81 7€ I
STl @ Toh WeRTIRTeR © SAdfad TehTen 1 digran o @ aehd: aedl
2 St fop fost 11.2 ® Wb &9 o <91 T 1 YRl G Sedtsia
T ol Ui Hehg Sl i GEAT o STIRHA §, 3Td: Scafsid
& GEgaET 8

11.4.2 YemT-Taeld anT WX fawa &1 qurg

T TS UZehl A Wi UEeRT C I gor | TRE o fawe W @ € @R ufEe C
=1 fifyea smafa v qen fafvea dear 1, & v 9 9w w21 R g dfgen
A o o fave 1 -+ qiEfia s € IR g a) IR gehei-fae o
1 Wod €| T8 T Sl € TR yeRe-fagm o) oM () fawa & @y wed 2
e A & U Ffvea oF fave o fow ww uE feafa e s @ o wowed
IR TR Tieeh A W HUE B S € 9 YeheI-Tagd o S=aaH 8 Sl @
Sfd Hqw B Sl 21 A% eH fae UEeh A oF wReh fawd i SR stfue Sen @
@t yehTer-for aRy el agdt| WeRTT-fagd oW o 39 STuan WM 6l g R Hed
g1 Hgw Y 39 Teorfd oF W © ST Scasieh UigeRT C o g Scafstd gl WeRTiiTen
TR HUEH Tieehl A W 6T S 2l
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-4 21fereh FoTeHeh hed S €1 o ufzehredi
T Yo aEel S # A soeR g B E
T had FS AT il alel Terae &1 GIEH A
T TEH U B | € T A1 R qehiiiTen - o At
Y %Y Bl S @ 59 qe Tk g8 ufEe A WO
fawa v, o fret fafvea diew oIk v i
M R Y TR 81 S| sTafaa fafewor ®
fafvea emgfa o fow afze A R fen wn e
U (H5%) a9 V, 59 T JH1T- 4R T
g Wt &, o7dk (Cut-off) s7ar fRieht faoa
(Stopping potential) Fgcrrar 2l

eIk ST o gRI USTUT Shi e Hieft
21 U1d § Scatsia et FehTiTeh Seieeia FHE ol
o1et T B | WehTel-fad ORI e I el @ S
el favwa stfushan il ol TeRTiyTes gersr,
et Seaam wfast 1 (K_) 8, 1 wfaewfia
FH hI TIE | Bl 1efa

Km=eVO

319 9 39 AR i 3Tfad faferor o1 Teheme engfa W 3= dier I, a9 I,
U > I,> I,) o ToIQ <edl Tehd €1 80 78 A2 i 2 o o1 Haw oeti o A4 9%
wTa €1 389 T g @ o ermufad fafseor % droar & orur o wfa dehe eifer
TSR IS B 1 g R fave sam € war € e T 1, e o st
fafencor o forq gan 2, < fom fo= 11.3 o W% & g <9 T R1 T WK,
3rfaa fafeor w1 T e enmgfa & fau R faug sgat daar § @as g
21 TR T |, YehTITeh Seiai i Seead Tifast Soft, amafaa fafereor 1 diean ®

e 721 St =

11.4.3 el favwa w amufaa fafewor st amgfa =0 gama

39 &H 2ufad fafsior 1 smafa v IR Frih favwa
V, o T G &1 T | TH YRRT fAfhion
it fafa= smgfvdl W IUg YR | TH & dad
1 GHEIST Hed 8 SR Gl ufgeht fawa & @i
TehTYI-fore & o Ufed sl STETFH i 81 R
ufedT & o 11.4 ® gwitan @ 21 e emufad
faferzor 1 fi=1 sgfan o6 fore fRieh fasa o fa=
M T W R 1 Teh € A I gl 81 St
ToraRl i el eAmafaa fafewon w1 smgfd W MRk
2 arufad fafetor #1 S=aa emgfa & fog Frih
fawe 1 WM fues o e 21 fa 11.4 e
A g € fop Ak smafedi v, > v, > v, o #A W el

fafer¥or 9o 5 &t
b
E L>1>1
— 13
/—IQ
— Il
fredt 1%{46[
-V, 0
+— 7% favg qurel gfget fawa —
Torx 11.3 emufaa fafeor &t fafi= drearst o fag
YehTRTeh- 4T qel Aig et fawa o o= ser@|
(11.1)
EEINBERE
EERECIN
Vo3 Vo2 -V 0 TR fgert favqa —
+— Tgeh fawa

Tera 11.4 stufaa fafewor =t fafa= smgfaar o fag
afgeht fasa aen gehmeT-faga ¥ & o sTerE|

393
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% Sifdest

et

faaa
(Vo)

V>V

Vo

Al Frieht fastel 1 %8 Vg > Vo, > Vo, BT 21 368 T
sfafifed & for emafaa wehrer &t emgfa foaet siferh
BT, UhTYTeR Soiaeil i Seaad Tfas Sl Sa-t &l
Afsh BNl hoee®d, 3 g0 ®9 § Uk & fag
sifyer FIeh fasa 1 emawasar enitl aft &w f=
urgetl o fau eufaa faferwor =t smafa ok et
TRt fasa o == oW ©iE o &9 T el W g

Yl B

V>V

st fafE # et () oKl § S fR fe 11,5 § st w2

ME I8 T R
@) e favya v, & fRu gu gemer-gokt gared &

o 11.5 T T gC w1 Had wred o fere fou, smofqa fafeor @ st & o fawa:

Frfad fafertor =6t s vop et fef fave v s Wi E L

394

Sl (i) T = frefam sidw e v, Bt © fores fog

et forwer g1 @ 21
T Yeroll § &1 ded Sfdtifed € :
() 91T Sciaeil &1 S=aad fas il Tafad fefHor 1 smgfy & @1y awd:
gRefda gldl & el 98 9T digar W 9 78T gl
(i) 3fea fafehor &1 smgfa v & foTq, Siefes ST I 3ideh STl v, § #9 8, i
JhTvl-faga Scasi1 Gua T8t & (digar ity g @t fefa @ o)
TH [qH Idh gt v, HI gl gl wed &1 a8 9= wrget & ferg
fo= gt 21
fir wpTe-Tad el Wt & fow fafue srfwand <wi &) Sfafem, R
el HIR T Jor | 31ferh ot 81 Tk & yehrer-Gad gared fafu= aimesd &
wehTel & fore fa= erferan <o @1 S<Ew & fory, R § W R 9
TehTeI-Torgd WHTe eia1 € Sk e e ol U1 o WehTel W UE YHE Tl el
o 2 o S % @l v | we uren e © fR afy safaa fafeor ) smafa
SEell emgfa @ ek B Sl @ al fo et hTel-uvedr o dehtel YehTel-faRd
IS YR B S 7, a9 off S/ enafaa fafeor 9gd He @l o/ ¥% W6 @ fR
107% ! Hife o 1 360 HH GO § I@SH YA & W 2
319 TH 39 TN § vl fohu T YT oteron ud Ueron w1 el R <9
@) fordt fou Tu emo-gadt ueel SR amufaq fafetor &1 smafa (SEel smafa 9
Aferen) ok Toq, FerToI-Toe[a oI SMTafad WehTeT &1 el o STIsharardt erdt 2
(fo 11.2)1
(i) foret fEu T wemrer-wadt wered iR emmufad fafertor i emgfa o forg, g o
aafea fafertor 1 o & SgehEa O Wt @ Sefe Pt fave e
w feRk T e ® (e 11.3)1
(i) fret fuw 7T weRmeT-Hast w_ref & foru, s fAfved =Eam siqw-smafa g
2 TS0 3zcit amgfy wed &, TS0 19 YhIivTh Soiaeil 1 HI Scqsid el
g1 =R smufad Wbt feham of g = 7 B et emgfa oF Sw, e
fava steran qoad: IcafSid GehlfeTeh STail i Ioaad Tfdsl Sl 3dfad
fafertor 1 smgfa & @ Waswhd: Tgdt @ |G Je U dgd 9 w6 el
g (fas 11.5)1
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(iv) THIT-foea Scasta fo vt wa-uv=ar & (<107 % I¥aT %H) TH
AeioTes Wi €, q9 ot St afdfaa fafetor 1 sty He Y faan S @l

11.5 YmIT-Taga quma e Yahi9t ot @ fagia

THRTIT T ORI Yehid I=IGal TSl o 37d qoh T=sl @@ Tfya & T oft| Jahren
% qU-fod o gR AT, faadd qen g &1 el &l @idfas Td
TelrTsTeh ®9 | AT i W1 e ol 39 o5 o STTER, W19l Ueh dAeaeeshid a3
2, S forea W Gk 1a &5 W Tyt o gt © dqen e et e o et gt
2, &l Sl b1 Had [Tl g1 21 376 gH 7€ 3@ foh 1 TehTe1 h1 I8 - Feso
el Sum o f{T MY gehmr-faem Scdsi Goell Yerll shi sAre Y Hehdl 2l

FehRTeI-fored Scdsi oF a-fasur o STUR ¥ o s (Sl fafwwor #i
foh0-4 vedl 8) W s goiae fafwfa S #1 gad &9 § sreenfua &
&1 Tt arferen gepter w1 g enil Sa € eifush agd qen gasia e o
M g uRomreaey, diaar faat eifus gt sa & sifue gow sl
o RISl - STERNHUT A1 AMfeq| 36 fosur o ST 9R, YhIf¥Teh Seiaeid i Soaad
Tfast ot gt § gfg & W st afeu @y €, 9% YRR w At o
ff 2, T vt g fafeor fao-qe (vata gmg ) saee & o gt
ot 34§ wmed g S 3o UTg-UsS ¥ areR feher oh fau eavass feam
Fell 9 SAferer ghf| sHfee, T <gell omgfa 1 Afe 7@l B =mfeul @
fagra =t 37 unifoadl § ST 11.4.3 § U T Y&qo (i), (i) T (iii) <1 e
oy gt 2

3 e wH @ ' foh w-femor °, Solee@ g el 1 Gdd STawiyur
fafertor & U WO R Fa1 T Sk Th G G § gl ol et Hid
€, o1 Ufq ol fd Rt gua | STawifid S ogd HH | T T ¥ I8
ATl el ST Tehal B T Tohel soia oh fIT shrd-ther 1 IR T g © et
et 3T o T T Soil SEM W e HS ereren iR it eifen wHA @ HeRal
21 7 T oft Qeror (iv), TSeh STTER Yehmei-faem Scasi (TRTHT) deeffreh e
2, o focteper faodia 1 Hew o, qu1-Fol o g YenTel-fae Sesiql o a1cdd el
AN T AT &l B G

11.6 3TEWRTET ol YhyT-faela wHteRor : fafervur o

S5l Fded

T 1905 H 3T0ae STEHEA (1879 — 1955) 7 YehI-To=[d T+Ta i =& o fag
agagae fafror 1 Tk Hifes w9 9 Fo1 fe wedrted fwen s@ femor o,
TehT-foR[a ScsiA fafertor ¥ waa Seii-stawiem & g 7l wran fafewor s
faferer sepmeal § o1 Bl @— fafBYr 1 Foff o Fale] Heeld & Tafenor il
o Ysh FeH HT Sl hy Bl ©, W&l h s fEerie € X v Yokl 1 et
TehTeT-fagd U |, Uk Soiae fafehur o6 U Faieq &1 Fell (hy) STEENod S
21 A Sl 1 T AN FeH ST o ToIq o1 1 Tae o ol Fohel 3
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ITeEe MRS (1879 - 1955)
T 1879 H ST § IeH AME TWH
R T A ST TS qh o
fava & fqwfadl o gaifus 7o
ifcerfae o &9 H S Sd &1 SR
forerareRT Sife Ster Sk T 1905
H gy i wifaert et @
AR g3 I 370 JoH e o
TRTYT Sl (T IS el Sl §)
1 RN ol Wl femall IR TS
YIS o U A0 i AR hi 9
fafertor st Feufafted @ fagia =1
TS TRl T T I H I8
st wfd 1 fagia fawfaa fean
et @ o o] TS gfe g8
AR TS goa o anfversh femror =
forvardicaes Ted U HIAN 3Tk
T Tees | eAifarRar o fafime
fagra = s faam &1 1916 ¥ 3%
SufereRal o S fagid i TR
e oTEEEA % 9 o HEEyul
AMEH € : I S i RO S
ik Fiorer fafwrwor fom & T
SRfeT A W WA 7 ¢, fore
1 Wifcreh Herey S STyfFen serfeent
1 IRY fonan, fondht T o Tofet <
! FICH-HITh! AT FACH-AAhT
T T T SIS fageryo|
Ygifeer v § 76 AreE qen
Tehr-fogd w9 o forw 1921 § 3%
Tt R | grrta T

o forq fFretan etraware St @ @ifuren eidl @ (hrl-Wer, ¢,) @
it st ol 3ifueman Tfdast et g ¢
K_=hv-¢, (11.2)
sk &l 9 oTEg SoiaRl oh Scafed M W ST TIfas
Foll o1 Afushad A @ A Bl 81 oA < fon Rl emgfa ok
TS hi diadl, Ufd Tehe TUfad Wierl i den g fauifa
Tl | el agH W Ui Hehe IS Seigl i W Sedl
21 qeNfY, AT TehTiyTeh Seleil b1 SAfehad Tiast Hs1 Y
Wi F1 ot gR1 fAuifa e 2l
TN (11.2) 1 SHESETET T FHT9I-Tagd THIHI0 Fed B
e B9 IE 3E@ Thd § Toh oh WohR I TEiehIOr S9RT 11.4.3
¥ fRu yemer-faga uae @ wafya asft geon +i Th Wa v
uRehd €1 W WA il 2
o THIHIU (11.2) o ATAR, Y01 o IIEY, K., 9 v W
aera: feft et @ AR faferwor =6 digar w fefik =t e
21 UET THfAT gaN ® wifeh SMERrE o fesor o, wehre-fare
FYIE Tehdl S gr fafehior & Uohet Fdieq o 3Taenyor °
Ieq=1 gt €1 Tafertor &6t <freran (S ST FateAl i G utd
THTS ESThel Wid SoRTE HHT o STTHAMU ©) 56 el Wik
o e or@d 2
o FHife K_ Fw Tfer 7t grft, wefteRaor (11.2) ® =7 sfafifed
2 T wehrer-faga Seas asft Gva € 5
hv> ¢,
e

Vo= % (11.3)

GHIH0T (11.3) o STTIR, HTE-Tald ¢, o 3Tfeen 79 o6 fag,
eI Seiared IS i o folu STawaesh —IAan siefe
gl SR v, 1 A A S T YER, T gl St
Vo (= ¢o/h) 3T o et @ fe@ %0 smfs | HiE
Y- e Scae Toa T 7, = fafewor 1 dfoar g o
Fi A T A 9% U W TR off A T 1R

o 39 fouror o, fafsreor &Y e, S SR uRefad ©, St e
%1 TE& 9 ghTe & Ui ST 9 o STIRHgN erdt
2| Fat e1ferer T § et aaiel Suesd B, Sa @ St
T | Sele Sl Fael i STERTu w3 THew (v
v, o foTT) g @ 9”31 9t Solagil &1 T SaAt &l
sfurs =M TEE ¥ Tt ® oW & fe st
v>v, o foIT yenmer-faga o e o SrArard g 2

o EWTRA o fosv °, ywer-faga guE o TH SR o 5N

V> v,, Sl
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fafer¥or 9o 57 &t
50 Fefa

ThTST o Ueh SFellSH 1 TSIl Gl WfHer 4fehan it 81 98 ufshan arceifores
Tl Bl TH YRR, dioa erefd fafeor seta @ wen =R fha oft e,
Tl fagd Scas arerfures & e w1 o 9 SeasH o facte @l g s
el Wieiften wiswa el Wt el § shaet e Freifa g @ for fore el
9 Mafis Ui (T Ushal 3ol g Ush YehTeT FaieH oh1 STaSNy0T) H 9
o Heh Al TSRl i HE W € TR R o aRAT ok i g B

YHIROT (11.1) T ITART X, FhTol-Toagd THIHOT (11.2) i 9 R for@n s
Tl ©

eVo=hv-¢, ;% fac vy,

eV, = (ﬁjv_"’_o (11.4)
e e

Ig Teh Hequl URemd 21 39 98 Wl et ® & v, & faeg v 1 9% T
el @ B, T e = (h/e), S T g &1 yepfa W fask @ s
1906-1916 o |, fafcTw = SRR o YeheT-foed AHiRul i STH@ud
o T YeheT-oE[ WHe W WA w1 S@en ®il fe 115 § <9l e, SE
difeam o foT 9 TXa W@ F1 @™ W1 e o A1 9 &1 ST T 39 i
feeriar h &1 A fauifa fwan o 9% 9 e feeier & 39 9 (= 6.626 x 10
343 s) o fiehe o1 5 foerpa &1 fo= wgw o 9@ fohan 7o ol 39 9&R ¥ 1916
o fhaferd 7 TEwET o YohTel-foed THIhIu Tl TG i oh T W ITH!
Togar 1 Tenfud fwam

TeRTeT FIeT i IRTTH Td h Al ¢, oF AF (S T YA § 9 71 ¥ 7a
@ €) & Ui o STEn O geher-fagd g9e o SR o foe i wiwn
T fafeae 3 yehTe-forga SRl o1 a1 IREEAl | e &R o1gel o o
fafertor-smgfeai o fawga M o oy genfud e

11.7 WeRIST St ShUMT Wehld : ThieH

TeheT-faga gaE 7 39 faaeror qe & yAifr fRen fob e ot 5= o @y
A TR | 39 YR SRR il © S 98 Seial el STl o Uehe (T ween
I Sl hv ) 1 A Bl

T YT Fo1l o FA1eH 61 Rl F01 § Gag fman ST gehdl 82 AEHET Th
eyl aRemd R wES o YT Fed & GaT (hv/c) § Heag T ST gk 2
Foll o TE-HY G w1 FTEd O 59T Tod guh € TR YR adien i %
Y Gorg a1 S Fehal €1 3@ 01 1 o8 | HieiT A9 G2 T GH o w01 S
IER i T, T, F19eT (1892-1962) o Foia o gr1 X-fortull & Yeniviq o w&mT
T 9 1924 ° : I R o dgifass difat o G qen yehmer-fagd game
o 3 o fAu egwEd w1 1921 | Hifqe! 1 Aee YR g fHa T
fom[a o Ho TR q Yehl-ToR[d uee W fRu T @ o faw W 1923 H
faferr 1 fifaehl 1 Aise R 9 feman T

T Agageeh i Tafehtor o Hie femor &1 SNy FEER € ¥ ©
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% Hifaet

398

3aTeuT 11.1

3480l 11.2

@) fafeor & go1 o @i o= T o, fafertor 39 Yo s9aer 3d § A4H 98
TH S § o B 5 Wiel wed 2

(i) W WIEH HI ol E (=hy) Bl © 3R G p (= hv/c) T =1 ¢ Bt 81 STl
c TR I = 2

(iii) Tk TAfy=ra e v, steren @eed A, o Gt WAl 1 91 E (=hv = he/) 3R
AT p (= hv/c=h/A), WA B & (fafetor &1 diear =@ st of 1) | fersht
& T e & YR 1 Aol S W el fhdl R Tu e @ o A
U Fehg Wi 1 He & wed © (Wl Wi w1 ol THEuE Bl €)1 37
I i Soit fafewor &t daar ) ek 78 St

(iv) Wie for@ S<E g9 ® @R for[@ dun gewia e o gw fasifyd
T B

(v) WIEH-%H0 Heg (S8 o WiEH-goee §Og) W el el a9l el HaT wlied
T©d 2| qenfy, Tt geg o wieH &1 wen o S TE ® Fedl 81 Wi
e e Hehdl © AYel Teh A1 HieA giord g1 Wehel 2|

IETEYT 11.1 6.0 x10' Hz 3G 1 Thavll FehreT e oieR o gR1 Sca—1 fohan
STl 1 SeHsH &HAl 2.0 X102 W B (a) Tl fheor-qa & ferelt wieh 1 Sl
forat €2 (b) Hid o R 3Ed 4R W Wfq Hehg feha Wi Scafeid g 82

TA
(a) TIF HISH I Sl gt
E=hv=(6.63x10°*Js) (6.0 x10** Hz)
=3.98%x10'%yJ

(b) A% B o gRI Ui Tohe Scafid B 1 & N § df fheor-gs o Gafia e
P 9fd wIeM e E & N A1 grft 598 ff P=NE | @@

_P_ 2.0x10°W
E 3.98x10°J

= 5.0 x10° ®ieH 9fa Yo

IETE0T 11.2 A% Hifgm &1 FE-%ed 2.14 eV ® @ ufehed HifeT
(@) Hifaa =1 <eel g qen (b) SAfad FehTel 1 qUIesd, I YehTiyres & i
0.60 V &1 T& et fawe et 3= foan Sy

'
(a) i SToa It AGMd o fore, smufaa fafexo &t st h v, w1 e ¢,
TAA B 1 o
v = % 2.14evV
o= %o 2.14eV
h  6.63x10*Js

-19
=2.14><1.6>f3140 J e l6x10" Hy
6.63x10%J s

9 TR v,=5.16 x 10'* Hz | %A 19l o fAIQ, HiE Teh1¥meh s
T 7 e o

(b) IS RTINS STl 1 Sodad s el e V,, fearfas et (weA-fawa
V,, % BR1) % 9O g4 &1 feafq & gehiferer o 0 81 Sl €1 STEme &
TehT9T-farga TefeRtor e ©
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fafertor qen 5= &t
a0 Fepfd

he
=hv- ¢o—7 -9

YA A= he/(eV, + ¢,)

(6.63 x10*Js)x(3x10°m/s)
(0.60eV+2.14¢eV)

~19.89 x 10%°Jm
(2.74¢V)

19.89x10*J m

- — 454
T 274x1.6x10°J nm

ISR 11.3 99 &5 § ST 1, Hel-8Y A1 a9 offel 1 o Yehrel whi aiiiee
FAL: M 390 nm, AT 550 nm (3Ed TREA) q41 @IH 760 nm =

(a)

(b)

&

(a)

(b)

m%%ﬁmw%fmqﬁzﬁﬁwk\nwmu}ww;
(i) Trei-8Y T1 1 Ared qereEd; qen (i) @ To (h = 6.63x10734 J s @1
1 eV = 1.6x10 %)

FhTT-Ha<t garelf o o ARoft 11.1 H U T SrEd-%ei oh W 990 (a) 994
o (i), (ii) T (iii) 9T o GROTAT 61 IUEN H A Y FA Y T¥A YR K
Y 1 H Gehl el GehTel Torega gferd b1 Gor L Hehd 872

arafad WIS &1 Seil E = hv = he/A

= (6.63x107%%J s) (3%10% m/s)/2
_1.989x 102 Jm

p)
(i) ST v % fAwa, = 3%09%13 (Eﬁsafr%af fa)
X m

ST e i, E 390x10°m
=5.10 x 107'°J
_ 5.10x107"°J
T 1.6x10 9 J/eV
=3.19 eV

(i) Hei-= T % faT, A, = 550 nm (Ed TRE)
L 989x 10 Jm
T I IS, E, 550x10° m
=3.62x10°J = 2.26 eV
(iii) TN FeBTT % AT, 2, = 760 nm (3&25@@‘8& )
~1.989x10* Jm
Ffad i FSf, E 760x10° m
=2.62x10°J = 1.64 eV

fordt yerTer-faga o o 1 o faQ STrafad WeRTeT st E 1 A9 Wgea aged
o HTE-Whe o W oh FHM A1 Al 1 =EY) 31d: ST R (E = 3.19
eV) & fau wed X g arelt yehrer-faRd g o wehte-Tadt ugred, Na (%
T ¢, = 2.75 eV), K (FE-%eH ¢, = 2.30 eV) T Cs (HHE-Teld ¢, =
2.14 ¢V) & Toha §1 T et Tel-e BT (E = 2.26 eV) & 170 TRl
e Cs (FE-He ¢, = 2.14 eV), &W@ﬁmmm%mmﬁ,
7 feRl o BT (E = 1.64 eV) & ToiT STiad ol § @ ferelt Tehre-gad
1} o IUART © H AL B TR

2018-19
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% Sifdest

400

11.8 g st AT Yehfd

ThTST (AU AR R Agdeeshia o) &1 g Wehfd (q1-h01) , oA qon g
FeE § foRT MU ST gW, TR ®Y 9§ Uk B ol YRR HI AT W
SAfeeRtr, faada qen gaor 1 ufeere ¥ gfteri=r eidt ?1 gEdt 3R, wehrer- o
TS Gl HiHSA G9E TS Sl SR He w1 Aol el ¥, fafentr 38 yeR
SRR HA ® o A 98 HON % es erefd Wil W S el Ul Srer
T-femor § | wF R v w6 wHeE o weifus SUgE ©, 98 WA 1 ekl
W R B SERw o fory, e A @ TRl e i <@ w1 guifea e |
T € feer Aoyl €1 5 o g WehTel i U Y BIRE HTA HI UiRAT
-fesor o yeft-wifa foafea feran man @1 wq sHehT SrameRte qon g (e
) gR RN H WA fasr %1 sravaehd et 2l

T T U3 I8 3341 @ T Afg fafertor 1 ga wpla (a9 wo1) ® @
1 YHid o BT (Seia, T2 o) off a¥n-Srn deror UEfiE hid €2 T 1924
¥ u Wi difasmesiin ogg faeet € e (% SwR A 39 g2 faset 3 9
YW S €) (1892 - 1987) A Uk Fisfier uftsheu i w&qa fohan o wqief =
T o Suge aftfefaat | X wge o wefiia Y Tehd B1 SE g8 e
feh gepfa Tmfd € iR < 9o difass awneil, 5o T Sofl, 1 o g de e
=g 4 fafertor o1 §a @ @ df g7 1 ot g =fe) 2 sl 3 et fame
o T p % FU F G I WA A T gER <9 S gt ?

A:E:L (11.5)
p mbuv

Sl m U 1 FAAM AU p TR A 81 HHISHIO (11.5) HI § Fivell H qqE
3R Fe7-TT oF qUIREA L H 7 Fiell AT HEd &l %oA 1 od WEY 2 siel
o Ge § T {1 GHIHWT (11.5) 1 o AR, A G0 HT G0 B S@ih 8 AR
T p U &1 fARTE A0 21 WiiF fei® h I AN SRS w2

THIHTOT (11.5) Tk USief-h0 & AU gord: U qiehed @ Tt qehgta
A TN % gR € W@ S Hehdl 21 qefy, F% SEA Y= © T U8 U WA
% g ot T B 81 UF WieH & fou, S| e dm

p=hv/c (11.6)
zgfeTT,

h ¢

;=;=ﬂ (11.7)

Fofd, TF WA &1 2 el quresd St SR (11.5) g1 e T § S|
ek TRt o TXTeEd o THM il & qe Wi fafeRtor 1 Sl aen He
FT TF FeT T

TIeed: HIHIU (11.5) o 51, A T ORI IR &0 (I m) el Ao
ot H (T2 v) F AT BT B I[E kAT, TH 0.12 kg FHATH &l
e S 20 m s &1 WA W T W R, H 2 el qURE 1 lerdl 9 i
fFan S w2
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fafer¥or 9o 5 &t
50 Fepfa

I U (FRTY Tel) FehTel-Tod WTe o1 Ueh ¥ Fifierta Sy €1 98 Uk e i & S Fehrer-sott
1 Sgd-Soll | o5 It 21 38 Hefi-sheft fogga 7 oft Fed €)1 U B Gt ¥ U 1o eR Y- Fadl ¢
gt C (STH) Bl € 3R TH dR 1 U (T9) A (FUEH) Tk Faifad si= a1 Faes aed § ot e 2
74 oo o <wiiy erER fordt o iy o wh Seu-fave S B den eIt (LA) o @1l St feman s
2, weft-smefl 9fgept C & T W, Th-Fadt 199 (c) 1 T Uael W sod w1 il Tae ) Feush § S
21 9oe o TH AN HI A B KA S @ f5ed foh germ
TOH YA X Heh |

e SYFS AU 1 YhTel Scdsish C W USdl € dl
TR IS Bid B A TehTTTeh Seleri HUEH T SATehitd
B o B Rl gt 9t ¥ F9 AEHNEER Hi R HY
WeRTTTeh ¥R 9T 1 St 2

T YT T G-l B qRad= &Y Gh1fTes om
H gRadT X Tehdl 21 98 &N 930 oF % = @R
RIS |G iR | SUEN W oS S Hehdl 81 STeeR
fafertor o foru ot oe Hewse o YT Uall 1 ST
SRl Tsoier ufaell § fera S 2

ST A B, TR 1 dierl <1 /IO o HH SR
o WehTe WAl oh1 STANT fohal STl 1 BISIUThT bl & Jehrsl
T YRTST Wl hT YA 3Tafad FehreT i <fierar @ o
T B ST gR e W qehter Wel 1 WA gR-TehTl
forga wRtay o i1 ©1 R 1 3R 9gd §Y =i 5 TRl
Yol T TS del Teh19l S aferd & Tehd &1 Feh1ivreh o |
M B Tl IXeld T SYART §R Wie o foT Hiet 1
YR T | A1 A a9 H R ST Gkt 21 R STAN
39 U gferd o e H ot fopen St @ S weeren oo
1 YT TeREE, S RRI-Ys o R feret safer stera o o ST 9 U1 eI Bl €, %1 Sifehd Hidl 21 gHfeTy,
TR Tl Tordll TeM[e & qa9l i aTel sAfeRal shi TOMT i | FETEdl hidl €, 9% o fowet we o k-
¥k JA1 I €| ST IUANT I 199 died arell &1 Te=r o fog fan siar 81 wia ot fafeno o
fRRoT-qs 1 sTeRiferd e wmaT @ A U T S S gk 2l

R T o, TS Gl (31599) Rl Ead Yav-gR W EAfUd Y19 Yol TR STl Sl @1 IS oAt i
ER | Y91 Sl B o8 TehTYl Hel T U del fehTu-gsl shi SeRIfd shidl €1 Yehtereh farga- a1 o efehfine uftedH
1 IUART T T il o oo @ gRY fepan < @1 Af-uerd A, 9o | Sugs Tl W hE Yo O Tifua
FX fEU S &1 A o R YT fAfm g I W Ued 21 SO U foEd Hd steen U |ig ¥ el S
e aiwe qof &1 S @ SR T8 Tk Adee-Hohd o &Y § w1 HET YRT H Al B

ThTST Tl sh1 AN A Fosor ® eafd o qecaed den Sofifas S H 399 o HHIE (scanning) de
fafasr garon (telecasting) § foran ST €1 57T 981 e # ©1q w1 =<l ® B e qen foki 1 @em

v=0.12kgx20ms ' =2.40kgms’’

¥ ot fran ST 2 ‘
6.63x10%J s .
=276 X 107" m

2.40 kg ms™ 401

p:

A

[
s ls 3
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% Hifaet

g TR ol B © R gw Rt mree w1 o 9 o @)
et R0 ¢ for woe aeqd gAR <k Shed | wT-wew o e
T | S 1R, 37a-TRHifvek €A (Sub-atomic domain)
H, HUI T T A Feeoqul 7 q WO A

TF ST (S m, 399 e) T8 faummeen § s fava
V g wIia feen S @, o1 fa=m | geleei &1 TS Sei K
0 R faga &7 g fFu T s (Ve & sue ghm e

— K=eV (11.8)
&~
S T K=~ mo= P fo
'_I‘ oMU T o
% T TRy 3 el (1892 - p=y2mK =\2m eV (11.9)
=1|  1987) i iRt ol T e 1 R Sl e A g
oA hl T Ghid 1 HIfdRR] h h h
:E foram wega oo o1 famm sfam 7»=;=\/2 sz\/z > (11.10)
ST T - % T ‘
i i o e A P G h, m G&l e o HeTH HH 1 T HEH R g4 75 76
T, oI | -t sed T ¥
T TRl 1 90 Ui 1 @i 4 . L227
% foTe 32 T 1929 ¥ et TR N A (11.11)
‘%  FEIf femen e SEl V e fave %1 diee § WH B1 TH 120 V ol fa9d &

forq, THieToT (11.11) ¥ A = 0.112 nm 9T &l 81 78 quress
S Ff F & R g0 el § A ael & A a2
Y I8 Hehd T € TF T soieeq o SE ueied @ o X-freor faada S
foptear foerd™ woRTl o TX@n S Wehdl ©1 W ST AWM H 2 sivedl i ufsheu
o AT TeIur 19U w1 SaR Hi Ui Uehid i @ o fau 3 sl
w1 1929 H Hifden! & Foel [EHR G gt fohar
TF-q a0 A gESEen o SifAfuaar fagra i uishd 9 B gHifas
foren| 5@ fogTd & SR, T# 8 999 W R o™ (stuen ®ig iR o) =
feorf w Wam 5791 1 TR ®9 W HIO SE9e €| BHI € P SATEaar (A
feorfq o fafey o oo sifafysaa (Ap) Tam o fafder & =it 81 Ax @2 Ap
o TUFT i T T Em et ®, S 4* (STl 4 = h/2n) S Hife w1 e
2, Frerfq
AxAp = (11.12)
GHIHTOT (11.12) T9 TS T STA < & T Ax I &; W a9 Ap 1 o
B =fe ST fo Torwe Y= 7 21 T YRR Al Ap T B §, 79 Ax 3T @
YISl Ax T Ap T T&l e e foh 391 OHwA 4 wife # R
3 AfE Tk golaRiT = §am p (339fd Ap = 0) @, 79 2 el Had o g,

402 +  uF sifus UREE foEe W AxAp > 4/2 WK B B
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THH qaRs (1) Ffvea e ww e (whd)
e 1 a0 1 foear wqul T W € €1 S
Wehdl AT § SHe 319 9% g3 foh Soieed TH o
forelt Y= & o wermiifaa 121 B eterid, sHent feurfa
IT=dar 31d BT (Ax — o) 1 TFfY=aar o fagia
% WY WA 2

IR : SO oF |12 S[ST qR1e-TT TqUi STRTe
¥ fomqa &l et 98 Tk TT-Uohe o Y H SR
¥ ww ffvea &7 o fagga g 21 39 fefa & Ax o
&l i1 € wfeeh a-Uehe o forear W TR g@ent Hig
ufRkfird W B B Skt 78 o A =T o afifia
o 1 feopell TRT-Uohe &1 TIesd Uehel @l el
7g el hdia quesd o o foeqa aoresd 9
o e 2l

qd, T Sl oF G K gRI, A o G I
ot Teh foaR 8 — Ap 1 31fAfv=man 9 ifafvemar
o Hay 9 erafer g1 i g (Sudty Bg @ T
?) 4 ¥ Tyl S Ghal 2 o a-ene faaw
Sl Hael qo SiH-TIfehdl AR & |1 ggsie
AfIfTead-dea w1 IRYS ®Y § Yo Hdl B

M 12 H, T Sl HaY wl fhe we] o
AR o HIUNG Ha o FECHIEIOT W AR hi
IR 1 THSAT i WA Y I |

9 11.6(a) & T TAFIHG qT-Uehe qen fos
11.6(b) & fiftsa wmeed & fou fagga o =
e fest g9t @ 2l

IETEIOT 11.4 (a) TH SARE S 5.4x10° m/s &1 9@ 4 7fd & @
T 1 T 1% S 30.0 m/s T = ¥ A @ T, ¥ e

(b) 150
St R R g2

A

() TR o form

MM m =9.11x10° kg, 9 v=5.4x10°m/s

fafertor qen 5= &t
a0 Fepfd

VAV/\U \/Av/\,
A ACA

VERVERV,

R
(b)

o7 11.6 (a) TF Soioeid 1 TT-Uehe foaeron fod
g o ™ o & ! 39 f9g T Seiged &1 Wil
Tl ok WY Helfed femen e B1 aw-tehe ferelt A
TSR o STEIE aTesd o forar (311 39 UK 2
el Gag o g, HaT o faedr) o WY Hel Wl
qiomea:, o' frafq o sfafyead (A o o o
rff=aar (Ap) 9 91?1 (b) Forelt getaeiq o fafvem
AT ¥ U Wil oAk guut e ® foga g R
WWﬁAp=03ﬁTAanol

g,
3

T HI p =mv=9.11x10"" (kg) x 5.4 x 10° (m/s)

p =4.92x 102 kgm/s
2 et wnesd, A = h/p

6.63x10* Js

4.92x1072*
A=0.135 nm

(b) 7% = fag
=AM m' = 0.150 kg, a7 v'=30.0 m/s
LEREL]
p’'=m v =0.150 (kg) x 30.0 (m/s)
p'=4.50kgm/s
3 ot TRt A= h/p’

kg m/s

P'IT lnk2ibe

403
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6.63x10>* Js
 450x kgm/s
A'=1.47x102*m

Ter o foru & sivelt esd X-fapor amesd & w9M €1 wig 1% o fog e qe
% AR o e 10710 T @ S 9T | skt wie ok faetepel el @)

3qTe0T 11.4

IETEIOT 11.5 Th TAH, Teh o-H01 AU Teh W b1 st ol TqH 81 378 9
fohg 01 &1 2 el qaTesd Ay eni?

'

et o1 @ oI, 2 siftelt q@resd A = h/p @l

Tfas 3t K = p?/2m

3q:, A=h/2mK

THA A o1t K o T st 01 @ Hag 2 sifrell quTesd SHoh $oawH ok aiiget
% FHAI 81 W (JH) 3ot 9 1836 TA1 9 © a° o %1 (3He) Wl
Y IR T 9 R

3z o — HUN KT 3 ATl TIGEH AT BRI

el 39 9 W fo=R we Sfaq e fe et w1 (S soiee), § Gt geg-ad &1 a3
B e |, oot deh gou e fafetor o g4 Wepld i Wk a&qd: GalTseh difdew qHe ok
TEl B Wbt B FeICH-AMCRT & TEH FEehl (Ffied a8y, 3feed SRR 3R wE &) 7 39 el
Y Heifd Gehourtell o WY 9gd GHA deh To oA ot off aren-Aitet w1 e sifas saren
Tl 3 k1 faoa o1 g €1 59k B1d gU oft, S hi GehoUd1 1 9! Toherdl o F1Y SfH
FieA-AfF § T R R gl R T 21 59 ey ¥ Th Aoyl Sudfer Ig € fR v
e 4 (1882-1970) 3 FSA-T0 o M i Teh WIehal-oAMeA el 30eh R, freht fog
TR FeA- T il (A 1 o) 9 fog W R 1 Wifshar-se Feifa siar 81 wifear s
1 1 Wifaehd Ui S SEdA ®1 3@ WK, AR FRE foig W A w0 w1 oW A 1Al AV
3 fag o =N 3R AV @ A=A § 3@ 07 o UT S HT WA 21 37d: e fafre & o
A GoA-q0T 1 Aol Al €, 6 SHeB! ol | SEl el wH €, U o qY A HI FIehA

aAferss B ‘

ITETT 11.6 Teh U1, TIa 1 37U < T 2Afereh =1el © i o @1 21 39
HU1 1 3 Sl AREH T SoAa i T Siel aiTesd | S 1.813 x 107 B
FHU o FHHH H IR HIFTT q1 FHU Il TEHIC

'A
T Y BT HO (FAEH m 99 A p) HI T el qreE

33g0l 11.5

3<aTeUl 11.6
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s h_h
p mw

STHE m = h/Av

TR &1 §FEE m, = h/A, v,

Bﬁ?ﬁ%ﬁn‘v/ve=3381

A2, =1.813x 107"

e

S—e

=(9.11x107" kg) x (1/3) X (1/1.813 x 107

m=1.675x 10%" kg

TH SHM 1 HO W A1 A 8 Gehdl &

fafertor qen 5= &t
& Fepfd

9°'TIT lni2lbe

IR0 11.7 100 V & favaiak g ©fa fedl soeae@ § Hafud < sivelt

TTeE 1 UReher it
FA @& fava V=100V
T siftelt qresd A e
),=h/p=@nm
Jv
l=1'227 nm =0.123 nm
J100

TR U Hefud 2 sl aiTesd X-fRtur qUeE @ wife i 2l

11.9 =faas qoar ST U=

L'TT lnx2lbe

SSRA 1 U Yehia TR IR T geued G, Sfaed 9u Ta e, ST % gm
1927 ® A1 T Y ¥ W, SO o gR1 1928 W HAMUa w1 T off| 37 asifeni

3 Sl o fRRo-gst o1 fopeeti 9
Y10 o g faeda gera 1 Yeqor
foran em LS. Sfaa (1881-1958)
AR S, SR (1892-1975) A
fFea o g goreRHl o foeds &t
AT @ o faw 1937 o 99+
w1 § A6 R T feRa
efam qon SRk =+t urEfres
e fo 11,7 | <wieR W R
S9Y T ‘ol T’ B © S U
A q9 F#1 A g ®, fee W
e ifeaEe =1 o9 8 21 9
%9 favya (L.T. s=d) ¥ 7 fean
a1 21 fRet 3=a dieedr e "
(HT 928) 3R Sugad fasa/aieed

o 11.7 SfaEa-SR solae foad sqaen

405

2018-19



% Sifdest

406

http://www.nobelprize.org/nobel_prizes/physics/laureates/1986/presentation-speech.html

TelaRe - YeHge o1 fam™

:

o SFANT © dq g ScEfd gl bl Ufeseh o qeh oiid Tl Al €1 3%
T Ao fEd 3Heh 1Y o WWiR Uael 9% B €, ¥ W ik Th uad
foR0-gs o &9 § FHAa T for@n S B1 39 fRo-gs @i wh ffee e
o U3 W STl Sl B et o wAre & g seleei @l femeti # wehifolq
B %1 fRl R N Wi TomR UGS #1 dua % seee dguE
(HUTes) o gR HIGN Sl €1 GYEH hi AR HGH R SEE S Gehdl € 3R
T U oo o G GAifaa R fEEn S ®, S oUW o Sifhd e 2
ooy o fagn "ues ® w9 # o o fRo-ge &1 ded o
STHAI B 1 TH SUHTOT hl Ueh Teifad e § UReg #T d 1 wYgEh
& FAR A9 R fafy= feafaai & A, gehifola sae= fRo-gs &1 dieran
I fafi= 27eer 07 o HE o foU (U YehiviE o ) @ H HOD ©, S
fo ammafad @R geRifola Seiee@ fertor goii o o= &1 0T eral 2| Sehifola sereiat
I dedr (1) § FhIvH HI0 9 oF W YRadq i fafy= ©ror faswel o fau g
o s =

@ a9 & 44V 9 68V & WH F AU T YAM HI Gu= fEAm m
SfergA-siR o & qfomEl ) <l T ¥ g€ urn e fe us dien feedH
3feass & 4Ma TF Yea R, @@ faag 54 vV d9n YEivH &0 9 = 50° W
TR faao o, yehe el 21 T faitre fewm ¥ Rer w1 9% ywed feea &
WAL oF WHH AU HI Al W geiaEl oh WUt SAfqeRol o HRoT el €|
TAR forerde Ao o Se9-a0 1 qUTeE 0.165 nm 9T {21 T4

2 Siredl qTesd A [EHIERIOT (11.11) o ST W] V=54V o fau seee &
o= = g o

1.227

Jv

nm

A=h/p =

A=1'227 nm = 0.167 nm
J54

q: % Sl quTeEd % Ugifdd qel YEN 50 WW WA § S99 Hee B
SfIET-THR TET 39 YhR GHTERTelt ©9 9 SAael i aiT Thid a1 < sivelt ey
1 gt AT T1 FRTE HI TO-UHf & faw frw T fEfE wEm o wney woiaeH
TSl 1 GUT-U{d &1 F9 1989 ¥ R €9 ¥ YR fohan Mm99 1994 ¥ «f
SRS SAuatl (S gorarziHl sl qoil § @ <9 ofid A1 9t &) o F1el sAfdendo
S oI 1 ST T B

3 Siftell 1 ufeheu ey @eien AR o fasr o omuR Wi 7l e
TRA-THTET faug w1 off fawfaa fen ©1 soee o qufa oi w1 SuEm
Toiae-genselt o fmio § fean mn ®, S ovswe-gemeE w1 ge § e
fa9e o SR TH ogd 991 YUN 2|
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fafer¥or 9o 57 &t
50 Fefa

Q9T

fopet getaei 1 o1g | aeX Feter o foq =[Fad STl &l o1g 1 HE-herd
Fed T UIg-TS W TOeR-SS o U sTeveas e (FHE-Fe ¢
31fYeR ) h1 ST 9 T2Fa Yl fagd &5 S1efe e STafd o Yehtel 5
fafefa 6 o G 1 gt 2l
YehTel-fagd qome ongeti § SUged g o YRl ¥ UEIW i W gedeHl o
IS 1 IREE B FB UG WETH YR @ Al wd § sEfe @
TI-JHT & foaw oft Gt 21 yehrer-fogd e o YT St 1 Sgd St o
BT Bl €| € Holl o TR0 o F1aW o1 Urei shidl €1 TehTel-farga Scdsid
T A0 TRAT 7 SR 38k $o fafire wem g €
eRTeT-Taga o (i) mufad WeRter i e, (i) I Soigerel oh S @RI T
favenay, 3 (iii) Scasie o ugref ®1 gepfa W e w2
Yok fawat (V) () mafad wermen &1 STafa iR (i) Sesieh Ta1ef 1 ghfd W
39 e 21 emafad g 6 foRet <t g2 g o fow, e sueht e w el
T&l L1 21 Ve a9 o1 Scafsid Siagql 1 S=aad TS ST 4 Fafed 8:
eV,=—-mv’_ =K_
wF v st (3eeh emaf) v, & F= S ouig w1 sifcre 2, i
TeRTT-farga ScafSid -TEt BT =8 STafid WeheT shi diioran fohat off feres =i =1 =l
Ferfaert qOT-fagid JehmT-faga qsre oF g Aevl i SRS & H el
ST ferfsheor | Fofl 1 Had SterRmool 1 fosor K_aht diodn & e, v, o
e ST 6 Wieha o1 dIceiiileh Wehfd o1 STl 72 Y Tehl| SRR A T
AU i SATEAT YhT¥T o Tl o301 o6 STMHR T 1| S8 TR YT, il
o fafaea Yohel @ =1 8, 58 aaiier s1eran Wil hed €1 Wedeh HIH &1 Sl
E(=hv) 3R a7 p (= h/\) 2 ®, St for eqmafaa wehrer st e (v) o i
T € T ST dirgrar W R e | G o U8 W YeRei-fagd Scesi T
TS o g1 WIS oh SFEi ¥ el 2
T T YehTeT-foreg]d THIHTr Sroit TReT0T f7ar o G © i fo oig o &
mﬁémﬁzﬁmﬂmﬁmméwmm(ému@ﬁ)
HIEH-%sl (hv) T @& H1g FE-F ¢, (= hv,) o A o SR 2t 2
%mviﬁ=V0e=hv—¢0=h[v—vO)
TH YeRTI-Taegd SHIsH1 § YehToI-Togd WHe oF |t &N w1 S et 2l
faferera & o IRYS whrT-fagd aTaEl 3 SRR & Yeher-foea wHie
1 Y fohan IR wish-Reetisr (h) o gened 9 i 9 o sod STEerE gr
yafdd degaeeehia fafenor 1 w1 s7era WieH Ui (Yahfa) iehd gam
fafsrtor &1 84 Yhfa Bt @« 0 a1 1| WA o WEy | e Ui g @
foF a1 st1era F1 o6 w9 | G YT o URomH i ueH o fou waifie Iuge
2139 deh o @il T fafewor qeon vered wepfa o wmfia €, g9 T sivel o ugred
(qered M) ol T SR AT Y TR A weiei-sh o | et ol o ugre
T 39l T Sl W Hed 2
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% Hifaet

9. TIfEM %1 @ efed § Sirelt R (1) 39 TaT p U 39 YR Helfd € ¢
A=h/p | 5S¢l 1 a0 < Sivelt Heer, forew a¥ Hehed (1) SR 07 GehouHl
(p) Eitferd &, o 31l 21 T sivell qesd ugiei-01 o AT qel SEeh!
Tehfd © T 21 TE WLfehdl: shael IU-TATUES SN, S8 — Toieriq, qieH
S 3k S| STl GolT o1 el oh SHRoT) o fore & ufes (e
THUSE THACH o sTe i T HI BIfE H1) B AN 7 G § S e
aegeti o forg < wmra: ufafee Soq o faor € iRk o= & @i &
farctepel ae €, 9gd Bie B

10. Sfaga-sR o qen St . 2rIe o gRI Seiae faad= YA qef o1 o &3
AN J TR T A-Hepid shi Hertud qen g femar 21 ud o i Q
el UfeheuH, Sie i T el i Gehoudl %1 THH Hd! 2l

sitferen Teramd Tk et
TI-&T -~ ]
TAih h [ML@ Js E=hv
‘ >
IRAEED ( v, Al vV eV=K_
faga
9 ¥ L’T?  J; eV | K_=E-g,
e /J
ﬁ Vo [T Hz v,=¢,/h
( A (L]

m A= h/p

-

foemuita faua

1. et o1q & go goiee 39 o1 o go € foh o o1g o ik wh fen fave o
et TiEE e € (I8 Sheel U WieTehed ®) | 9 €g o aed fehe o fag
o e B &1 3% ©1d W aEY 9 ok forg sAfafie st i SAreedehal gl 8

2. fodt urg & weft go solaefal 1 Sl quH & it fohedt g SR o erojet ok
S, T U T 919 W SRl 1 U (e Sl foaeon g @1 ¥ faaor 39
g Hagae faaor 4 = eiar ® T8 ey el & wfas fagia o eremEa o
¢ T &1 38 9T T o119 oI5 o UISAHAl § S, W R 1 Gee 59 qe
Y ? for soiae dielt o eTvesi o THgia o1 SITE % 2

3. ot ong o goa sotaeiAi o el foaRuT oF RO, €1q § S1eX 3 o fau selae
o g 3TUfed STl 9= Soieeil o foe f9=1 2l 81 S=aat STl oel Sorarel
T U1q ¥ AR A o fAU 7 Foll el sl ol o H wH faRe sl
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11.1

11.2

11.3

11.4

11.5

11.6

11.7

fafer¥or 9o 5 &t
50 Fepfa

1 SAETTHAT et &1 HTE-The o | ol e o forg forelt seieet@ & g
sTiferd =ae Sl 2

TehTI-Tere[d WHel § Welferd Yo § shoel €1 Siafited € o 57 % WY qehml
1 3= fopan & Sl k1 SRl hy &1 fafaed gwmeal | e @1 98 faaga
& U e o GuH Tt B foh Tehret U8 ol § o © S e i st
hv @1

FRIef forere o Yeror (g@eht diigrar W eifeRar @i egi W fHeiar) yehme-faea
HTe o A-Fes01 3R wieH-Tesrr o st forfaes fasigers 2|

@x;%%gﬂfﬂﬁﬂﬁﬁ—ﬂﬁﬂﬁﬁﬁiwﬁﬁﬁaw%,m

FHA-AT v, FT B A Tew T e | qufd, Teed-aT B wHE-om
ifenaan 1efqul € iR 1 o a7 o SR Bl B

T

30 kV ToiaRMl o gR 3o X-fRon &1 (a) S=aam ogfa den (b) ftam

T rw ity

Hifsrem o1g o1 HE-Ter 2.14 eV 81 56 6 x 1014 Hz & o1 Y19 41d-J53

TR 3AMfad Bl €, Selaeil ol YehllTeh Sedsi eidl B

(a) SafSid seiaeHl &1 Seaaqq Tas S,

(b) T fave, e

(c) ScafSid YenTfyTeh Sciarel ! S=add =rel fehaet 272

e fafyre w@m o genrer-for@ g &1 3fqeh Sieedl 1.5 V 81 Scafsid Fehlien

SeRHl &1 Ieadd TaS el TRl 62

632.8 nm TUIEE & THAU GehY Ueh Eiferam-FaH el o g S fohan

ST B 1 Seafsta i 9.42 mW R

(a) YT o fHU-YS | YA Wi HT Hell adl Helll Y Hiferg,

(b) =@ FReo-4s & g1 fafrfia ferel otea W eiiead ferad wieH ufd dehe
TEHN? (T8 g AT o fhor-gs i STIe F1E THGHAM 7 S e ok
&% | % ), 9

(c) U TIZGISM TLHTY] ! Wi o SRTeR HaTT W A o fag fovaet oF =mat
T Fo T 8nm?

Yool o U8 W YA dlell gA-ThTl 1 Sell-fae (Fee) 1.388 X 10°

W/m? 8| e fohde Wiei ufd ot Hiex wfd Yeie geat W eafad g 87 98

M of o gd-y § wieH 1 sfgd qesd 550 nm B

TeRTl-Tagd UaE oF T WA H, Y9 STgfa o favg siaw dieedl i g™

4.12 % 10715V s Ww et 81 wiieh feemier a1 WM ufishfora sifs)

TH 100 W Gifess sea (ofa) et feenedi § shamm s fafenia s 21 o

%1 T UH 9 el o ohg W W@ T ¢ S 39 R Afad Aifgan & gl geRr

i AT Hedl 81 Hifea™ Fehel 1 quresd 589 nm 21 (a) WEad Jehrer §

S 9 Wi 1 Sl fehat 22 (b) el ol fohE T F WIeH 9 fopy o1 @ 772
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11.8

11.9

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

10

11

12

13

14

15

16

17

18

19

11.20

fepddt og 1 <eell g 3.3 x 101 Hz ?1 9% 8.2 x 10 Hz 1 1 Y1l
H1q W ST &1, @ Fehrl-faga IcsH o fau sids dieedr 9 shifs)
fopet o1q o foTq - 4.2 eV 21 1 98 91d 330 nm qUIeE o S
faferor & fere yehmor-faga Scas <m?

7.21 x 10" Hz @9 %1 e TH o1g-y8 W ufad 21 39 73 9
6.0 X 10° m/s & S=9aH Td ¥ T Scafd 8l @ 21 Sa Al o YRl
S o oy Sgelt egfa w22

488 nm TR 1 Yeh1el Teh AT R | Sea= fepan wiran 8, Ford weprer-fereqa
YHTE o START | A Sl 81 e 36 S H -3l o JeRTel i Scdsieh W 3fdfad
o STl @ d9 YehTiRTes Sovarial o1 e (3faeh) fawe 0.38 V 81 ScHsish oh
21} T HE-HeA 1A H

56 V faueiat & g1 @fd Seael

(a) Gam, 3R

(b) 2 sifrelt @eeed qienferd wifey)

T o[ fSEeT Tfast S 120 eV ®, S

(a) T, (b) =Ml 3R (¢) 3 Sivel e 7?2

ifeaw o TeHl Scqsi @1 o Yehel & aUesd 589 nm B &8 TidsT o o
Hifv 59 w®

() T TerER, 3R (b) Th =2 &1 ] sl aesd q9H g

(@) Tk 0.040 kg %o7HH 1 g2 S 1.0 km/s &1 =1dd @ =l @1 €, (b) Th
0.060 kg %o % 1% St 1.0 kin/s &1 =1et & =1t W 7, 3N () Th el-H00
STt e7mM 1.0 x 109 kg 3R S 2.2 m/s w1 =1et @ SFIHd e @I 8, &1
3 Sifrelt qRTeeA T Bim?

T TORA 3R T Wi Godd &1 qiesd 1.00 nm 2|

(a) T Ha,

(b) ®IEA 1 i, 3R

(c) SR w1 Tfas Sl A1d hife)

(a) =2 &1 e Tfas St o faw % st @eed 1.40 X 10°m gm?
(b) Tk =g, St g=red o Ty ardig W | © SiR freRt 300 K W st it

3
mﬁEkT%\,aﬂ 3 St s wa i)
Tg TUIET o Sgaa fafwto &1 @resd soeh Faien (HieH) & w/esd &
EREr]
T H 300 K d19 W T AEISH 0] 1 3 Siivell atiesd faha g2 7w HH foR
U] 39 A9 W SAUET % =t o HeA W AEE 21 (TS 1 WHIY] SAEM =

14.0076 u)
Tfaflea 1™

(a) T frafd et o difud shefts & Scafsia saiael &1 39 el &1 e
HifT T8 9 IS 1 ger § 500 V 3 faeid | W T4 T ¥ Thid
&1 TRl o oY YR wTell i SUT Y | Solaeia w1 Sfufersh STee
#fd e/m 1.76 x 10" C kg 21

(b) HIES a9 10 MV o foTu Teiaei 1 =1et 90 % & foe S8t g3 &1
HX, SN (a) W B9 § A T S| T MY T G H A U &2 59 G I
fh 9 YRR QU S Gehal 872
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11.21

11.22

11.23

11.24

11.25

11.26

fafer¥or 9o 5 &t
50 Fepfa

(a) Teh WS Selsre fohur-gs e soisi= 1 = 5.20 X 10°m s 8, W
Teh Geshid &3 1.30 x 104 T FRL0I-Y &1 =l o ofeed o sl &1
fRor-gt gr emfEd 9 1 o forat 2ift, afs saeei@ & e/ m &1 71
1.76 X 1011 C kg ?I

(b) =0 5 G 1 (a) & ST ® @0 70 ® 9 Tel Ff T 20 MeV goeH
FoRRoT-gol 1 oo URTerd FT o for g 7 At T A R R
398 HeieA fwa S g 22

[FrE : 319@ 11.20 (b) a2 11.21 (b) 3! SATUfRIRTT FiT3eh! dh o S &

S 39 g o fawa o aR €1 98 W 3% 39 foy W 9w 1 & faw i

fopan T ® o TS99 Gl 1 @9 (@) § STEM A o € o 9gd Seo el st

Fettetl R e Te eidl 78 9 o fau i ‘agd S=a et 21eren e’

1 @1 27 3fd | fEu U sy 1 2W]

Teh TR T TSRt @S 100 V fa9ea | ®, T %9 @ (~102mm Hg)

W EESH ¥ W MR Sod § Soiae Sigdl 81 Th gasa &5 f@e 7m

2.83 x 10T 2, 319 o A1 %1 12.0 cm 51 & g e § dfehd &L

1 B1 (39 9N o @1 S Hehdl € TR AN F T 3 FRO-gS R gersHl

1 3TTRTHd ek AR Sl Tl o GRI WehT¥l ScaSi hieh Hhihd d ©; 56

fafy =1 ‘uftspa ferto-gar =eft’ faf sed B1) stfimel 9 e/m =1 wF feffa

EqlE !

(a) TH X-fhtor et fafor &1 s daq wigen fogswr @9 e
a0 0.45 A W B, 3= & 2| fafeor o foret wieH 1 S=aaq sl
fepait 22

(b) M (a) & IW Y FTAH LT fF fora Hife wf F deed (3ARA &
) =1 59 el § Sfevaehd 2?2

T& @A (accelerator) T | Wil (e*) o W SeiaeHl o Soa-Sell GHgH

R, TH faftre w1 &1 = 5 Fu 10.2 BeV & solag[-iagia i o

T Froll sl QA y-Teroll & foraio o &9 & &1 Sl 81 gedeh y-fontor @ Gaifer

T o HE 1 B2 (1BeV = 10° eV)

M A orell | GEel 1 Ao Uae 8 Hehdl 81 el T U8 adra

o e sifipifer wiel &1 sifue foq = T w0 9@ sTuh! 98

AT foh TR A7 CWiH o1 A’ F4 76 F Fehd, T € YRR 9h-drh

= A Bl

(a) T 929 901 (medium wave) 10 kW Emed & U, St 500 m d@resd &
fea @ Scafsia i 2, o N Wfq Hehe Scafeld wieH! 1 T

(b) Freram e 1 vad e 54 &q <@ Thd € (~1071°W m?) & G
TR 1 Tl W W e TR A e § v w3 el w5
el ORI 0.4 cm? 3R Yad YhWT 1 3igd ogfa i o
6 x 10" Hz =fu)

Tk 100 W 9IRS (Mercury) &id d S 2271 A TR &1 QT FehTel

T HiferseTd wrg o faffa g w1 fafefa s 21 9k Fri fava

~1.3V &, @ o1g % HE-Te &1 The Hifatl Tk He-Ne @R R Scd=

6328 A o 39 AFdl (~105W m2) o el WhT¥T o 91 YT 9 fohd R

srfRa wm?
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11.27

11.28

11.29

11.30

11.31

11.32

11.33

11.34

T A o7 ¥ 39 640.2 nm (1Inm = 10°m) TGE T THaol fafmzo
T W i ¥ fAfdd wehrer-gadt weref w1 fafewfa s @) FRie e
0.54 V AT It €1 a1 Tk die-8id T 95t 5o Sdm 21 39t 427.2 nm
-3 St gehTer Het 1 faferia st @1 7 R Seed T st
Th GRS oY, WA ScaeiA *i egha feRar o eemed & faw wm
gfaerser @iq €, Fifh T8 T9a-Tagd & e (UV) | o BR qe &
i@t Sedfsid a1 81 Telfeqd g ¥t o gAN ¥4 H, IR (Mercury)
a1 =1 ui-Tanett w1 wam feen o
A, =3650 A, A,=4047 A, A= 4358 A, A= 5461 A, A= 6907 A,
Ty aieedrd, swaer: e A 0
vV, =1.28V, V_ =0.95V,V_=0.74V,V, =0.16V,V, =0V
(a) i Feerieh h &1 OH A Hifery)
(b) &g o ferw el smgfa qen HE-Hed HT SMHeH o)
[FIE : STY ikl ¥ h T M T %3 o oL 39kl e = 1.6 X 10°1°C 1
STEvgRd BRMl $9 UhR o WA Na, Li, K 37t & fau fafass 3 feo o
fafesa 3 T I9-9% T | U e o WM T STANT Y RIS oh YhT9I-
forega weftenor ot Teanfya fohan e 5= Jero @ h o A oh folu geres 31
o ]
=1 urget o wE-wer = YR Ry T ¥
Na: 2.75 eV; K: 2.30 eV; Mo: 4.17€V; Ni: 5.15eV | 399 oigeii § 9
% ¥ ¥ ¥ 1 m ¥ W@ T He-Cd @& ¥ 3@ 3300 A T &
faferor & foru yeRmeT-foea s &1 3mM? TR &1 ¥ & e 50 cm 34
R @A W FA FM?
105 Wm 2 ierdl 1 YehTel Teh Hifea™ Y1 ¥a o 2 cm? &% o I8 T Il
2T WA o fF W 1 Gifead 1 uie W safaq ol w6l sEwifi S §,
at faferor o Tr-faeon o yermer-fora scasi o foru stavaes 9ma &1 stehed
gﬁmmm%mm—wmwzevﬁmw%lmwwwﬁmﬁ
|
X-TRTuli o6 JIT stere SUYe aicedl ¥ @id SeiaeHl O fohea-foeds wam fag
S e E| wH-F S afees St Garg 72 (TR ge & forg, St o fag
s w1 1 A effSe, St fop Siereh (SIfe®) o SAT-TRa1] Sfawor 1 hife &1 2)
(m=9.11 x 10*'kg)|
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